Abstract Aspergillus nidulans var. roseus ATCC 58397 is an echinocandin B (ECB) producer ascomycete with great industrial importance. As demonstrated by ECB/caspofungin sensitivity assays, A. nidulans var. roseus does not possess any inherent resistance to echinocandins, and its tolerance to these lipopeptide antimycotics are even lower than those of the nonproducer A. nidulans FGSC A4 strain. Under ECB producing conditions or ECB exposures, A. nidulans var. roseus induced its ECB tolerance via up-regulating elements of the chitin biosynthetic machinery and, hence, through changing dynamically the composition of its own cell wall. Importantly, although the specific β-1,3-glucan synthase activity was elevated, these changes reduced the β-glucan content of hyphae considerably, but the expression of fksA, encoding the catalytic subunit of β-1,3-glucan synthase, the putative target of echinocandins in the aspergilli, was not affected. These data suggest that compensatory chitin biosynthesis is the centerpiece of the induced ECB tolerance of A. nidulans var. roseus. It is important to note that the induced tolerance to ECB (although resulted in paradoxical growth at higher ECB concentrations) was accompanied with reduced growth rate and, under certain conditions, even sensitized the fungus to other stress-generating agents like SDS. We hypothesize that although ECB-resistant mutants may arise in vivo in A. nidulans var. roseus cultures, their widespread propagation is severely restricted by the disadvantageous physiological effects of such mutations.
Introduction
Fungal cell wall is a promising target of antifungal treatment. Not surprisingly, several potent inhibitors of cell wall biosynthetic and trimming enzymes, including chitin synthases, chitinases, and β-1,3-glucan synthases, have been described so far, yet only few of them have been developed for clinical use. Echinocandins-as an important exception-are cyclic hexapeptides modified with fatty acid side chains, which inhibit noncompetitively β-1,3-glucan synthases. These lipopeptide antimycotics are highly effective against a broad spectrum of Candida and Aspergillus species without cross-resistance to other drugs and, therefore, also represent efficacious remedies in combating azole-resistant strains reported in these genera (Denning 2002; Pfaller et al. 2003; Pacetti and Gelone 2003; Diekema et al. 2003) . It is worth mentioning that while echinocandins inhibit the growth of Pneumocystis, they are ineffective against Cryptococcus neoformans as well as Fusarium and Scedosporium spp. (Perlin 2007) .
Because the number of patients receiving lipopeptide antifungal therapies grows dynamically the number of fungal strains with reduced susceptibility to these compounds may rise in the future. Therefore, it is of pivotal importance to understand the nature of resistance against these drugs. The molecular background of echinocandin resistance has been studied in detail in Candida spp. (Perlin 2007; Walker et al. 2010) . Most Candida species are inherently sensitive to echinocandins and their acquired resistance can be explained satisfactorily with mutations in the FKS1 gene encoding β-1,3-glucan synthase catalytic subunit, the target of these drugs Perlin 2007; Walker et al. 2010) . In some echinocandin-resistant C. glabrata isolates, mutations in FKS1 were accompanied with an elevated FKS1 expression as well suggesting that up-regulation of FKS1 expression can be an alternative mechanism to acquire echinocandin resistance Walker et al. 2010) . Importantly, FKS1 from intrinsically echinocandin-resistant strains (Candida parapsilosis, Candida orthopsilosis, Candida metapsilosis) also contains a point mutation, which is thought to explain their resistance (GarciaEffron et al. 2008) . Microbial response to drugs disturbing the cell wall biosynthetic machinery, e.g., compensatory chitin and/ or glucan biosyntheses or remodeling of cell wall structure (Ouedraogo et al. 2011) , can also influence the outcome of echinocandin treatments (Plaine et al. 2008; Walker et al. 2010) .
The echinocandin resistance of filamentous fungi, including that of the aspergilli, is a less studied area of fungal physiology. In the case of Neurospora crassa, Fusarium solani, Fusarium verticillioides, and Fusarium graminearum, a point mutation in the FKS1 gene may be responsible for their inherent resistance (Ha et al. 2006) . On the other hand, laboratory-selected resistant A. fumigatus mutants (Gardiner et al. 2005) as well as clinical isolates associated with treatment failure (Arendrup et al. 2009 ) exhibited the wild-type gene sequence, and the upregulation of FKS1 expression was observed only in one case (Arendrup et al. 2008) . These data strongly suggest that mechanisms outside the FKS1 gene should be more important to acquire echinocandin resistance in the aspergilli (Walker et al. 2010; Howard and Arendrup 2011) .
Here we present data on how the echinocandin B (ECB) producer Aspergillus nidulans var. roseus strain acquires resistance against its own lipopeptide. We demonstrated that this strain was inherently sensitive to ECB and caspofungin under non-producing conditions, and a significantly altered cell wall biogenesis including increased chitin synthesis accompanied with elevated β-1,3-glucan synthase activities as well as reduced growth rate was required to avoid the deleterious effects of ECB when its production was induced. Nevertheless, the increasing ECB tolerance-under certain conditions-coincided with an increased sensitivity to Na dodecyl sulfate (SDS), which indicated that a constitutive ECB resistance was disadvantageous for the producer fungus in many aspects of cell physiology including stress tolerance.
Materials and methods

Strains
A. nidulans var. roseus ATCC 58397 (NRRL 11440) was bought from the American Type Culture Collection (Manassas, VA, USA). It is worth mentioning that recent studies demonstrated that this isolate is not an A. nidulans strain but belongs to the Emericella rugulosa species. However, it has some properties which are not typical for the E. rugulosa strains either (Klich et al. 2001; Tóth et al. 2011) . In this article, we therefore kept the original and widely used species name for clarity. A. nidulans FGSC A4 (Glasgow wild-type) was purchased from the Fungal Genetics Stock Center (University of Kansas Medical Center, USA; McCluskey 2003). Both strains were maintained on minimal nitrate agar (Barratt et al. 1965) at either 24°C (A. nidulans var. roseus) or 37°C (A. nidulans).
Cultivation and sensitivity assays
In agar plate cultures, minimal nitrate agar (Barratt et al. 1965) supplemented occasionally with 25 μg ml −1 ECB was used. In submerged cultures, minimal nitrate medium (100 ml) supplemented with 5 gl −1 yeast extract was inoculated with 5×10 7 conidia and was incubated at either 37°C or 24°C and at 3.7 Hz shaking frequency for 45 h. In some experiments, ECB was also added to 37-h cultures at a final concentration of 350 mg l −1 .
MIC (minimum inhibitory concentration) and MEC (minimum effective concentration) values were determined for caspofungin and ECB with the microdilution method of Arikan et al. (2001) using 96-well microtiter plates filled with minimal nitrate medium supplemented with 5 gl −1 yeast extract and 0.1-200 μg ml −1 ECB or caspofungin as required. Each well was inoculated with 10 3 conidia, and all plates were incubated at either 37 or 24°C for 2 days. Growth inhibition was detected by measuring the optical density at 620 nm with a 340 ATC microtiter plate reader (SLT Lab Instruments, Groeding, Austria) and detecting microscopically the formation of microcolonies, which is typically above MEC concentration (Arikan et al. 2001 ). Fresh culture medium was used as a background in all spectrophotometric calibrations.
Interactions between ECB and SDS were also tested in 96-well microtiter plates. In these cases, culture media were supplemented with 2.5-10 μg ml −1 ECB and/or 50-60 μg ml
SDS. The interaction ratio (IR) between ECB and SDS was calculated by the Abbott formula:
where Ie is the expected percentage inhibition in the presence of both ECB and SDS, and X and Y represent the percentage growths recorded when the compounds were added alone. Inhibitions were characterized with the percentage decreases in the absorbance in comparison to untreated controls. By definition, IR0Io/Ie, where Io stands for the percentage inhibition measured in the presence of both ECB and SDS. IR varies according to the nature of the interaction between the antifungal compounds: IR >1.5 and IR <0.5 denote synergistic and antagonistic interactions, respectively, while 0.5≤IR≤1.5 suggests that the interaction was additive (Moreno et al. 2003) . All the microtiter plate assays were performed in triplicates in three independent experiments.
To test ECB sensitivities, agar-well diffusion assays (Galgóczy et al. 2005) were also performed. Conidia (10 4 in 10 μl water) were spot-inoculated on the agar test plates, which were pre-incubated at 37°C for 3 days. After seeding, ECB (5 mg dissolved in 40 μl methanol) were employed to the wells cut near the edge of the colonies and were incubated further at 37°C for another 3 days.
In a separate set of experiments, we demonstrated that adaptation of A. nidulans var. roseus to ECB was preferred to the selection of ECB-tolerant mutants. The ECB producer strain was maintained at either 24 or 37°C, and after four subsequent passages on minimal nitrate agar plates, 5-5 individual colonies were selected randomly at both incubation temperatures. After culturing these cell lines at 24 and 37°C, respectively, freshly grown conidia (5×10 7 ) were used to inoculate two submerged cultures (minimal nitrate medium supplemented with yeast extract, V0100 ml, 3.7 Hz shaking frequency) per cell line. These cultures (altogether 10-10) were incubated separately but simultaneously at 24 and 37°C for 45 h, and harvested mycelia were used in further specific β-1,3-glucan synthase activity and IC 50,ECB value determinations. Each cell line was also characterized by MEC values as described above.
Specific β-1,3-glucan synthase activity determinations and IC 50,ECB values β-1,3-Glucan synthase activities were measured in the cytoplasmic membrane fraction of hyphae by the microtiter-based fluorescence assay of Shedletzky et al. (1997) . Specific activities were calculated using the following equation: specific activity [nmol/(min*mg protein)]0(A 0 −A ECB )/p, where A 0 and A ECB are quantities of the newly synthesized β-1,3-glucan expressed in nanomoles of glucose equivalents and produced during 1-min incubation time in the absence and in the presence of 100 μg ml −1 ECB, respectively, and p stands for the total protein content of the samples (mg). The ECB sensitivity of the β-1,3-glucan synthase was characterized by the ECB concentration, which caused 50 % inhibition of the activity (IC 50,ECB ).
Preparation and analysis of the cell wall
Cell wall was prepared from mycelia harvested from 37-h submerged cultures following the protocol of Borgia and Dodge (1992) . Cell wall composition was determined using the method described by Stevens et al. (2006) .
Real-time reverse-transcription polymerase chain reaction (rRT-PCR) experiments
To estimate the expression of genes encoding cell wall biosynthetic proteins, total RNA was isolated from lyophilized 45-h mycelia following the instructions of Chomczynski (1993) . rRT-PCR experiments were carried out as described earlier (Pusztahelyi et al. 2006; Pócsi et al. 2009 ) with the primers and annealing temperatures presented in Table 1 . Primers were designed based on the coding sequences of A. nidulans FGSC A4 obtained from Broad Institute's homepage (www.broadinstitute.org). Relative transcript levels were quantified with−ΔCP0−(CP target −CP reference ) rRT-PCR cycle number of crossing point differences, where CP values stand for the cycle numbers of crossing points recorded for the tested target gene and for the reference housekeeping gene (eEF-3), respectively.
DNA sequencing
Genomic DNA was isolated from lyophilized 45-h A. nidulans var. roseus ATCC 58397 mycelia using the Genomic DNA Purification Kit (Fermentas) according to the instructions of the manufacturer. To amplify selected DNA sequences, rRT-PCR primer pairs (Table 1) were used. PCR amplification, cloning, and sequencing were performed as described elsewhere (Tóth et al. 2011 ). All sequences were deposited at the GenBank under the accession numbers JN862788-JN862796 and/or presented in Supplementary  Table 1 . Homology search was carried out in NCBI BLAST (blastn; http://blast.ncbi.nlm.nih.gov/).
Results
A. nidulans var. roseus was more sensitive to ECB than the non-producer A. nidulans
Because the growth inhibitory effect of echinocandins on molds is fungistatic rather than fungicidal and, as a consequence, echinocandin treatments do not inhibit completely the growth of molds, MEC (minimal effective concentration) values were determined together with MICs (minimal inhibitory concentrations) to characterize the sensitivities of the strains towards lipopeptide antimycotics (Arikan et al. 2001) . MEC values determined with ECB and caspofungin for the ECB producer A. nidulans var. roseus ATCC 58397 and the ECB non-producer A. nidulans FGSC A4 strains are summarized in Table 2 . Surprisingly, the ECB-producing A. nidulans var. roseus strain was five times more sensitive to the antifungals than the Glasgow wild-type A. nidulans reference strain. The higher sensitivity of A. nidulans var. roseus was accompanied by a lower specific β-1,3-glucan synthase activity in comparison to A. nidulans, but the IC 50,ECB values of the enzymes did not differ significantly in the two strains tested (Table 2 ). It is noteworthy that the incubation temperatures employed in the cultivations (24 and 37°C) did not affect the MEC, MIC, and the IC 50,ECB values (data not shown).
Beside the antifungal effects observable on germinating conidia, the inhibitory effect of ECB on growing hyphae was also tested at 37°C (Fig. 1) . Again, A. nidulans FGSC A4 showed higher tolerance against the antifungal agent than A. nidulans var. roseus but, in the case of the latter strain, paradoxical growth effect (Wiederhold 2009 ) was also observed (Fig. 1a) . The line-shaped inhibitory zone was a result of the sensitivity of the fungus against low concentrations of ECB far from the well and its increased tolerance against high concentrations of the antimycotic in the close proximity of the well (Fig. 1a) . The inhibition zone observed with A. nidulans FGSC A4 was ellipsoidal with no paradoxical growth effect but was considerably evened when the strain was pre-cultured in the presence of 25 μg ml −1 ECB (Fig. 1c) .
ECB altered the cell wall composition in A. nidulans var. roseus
In order to characterize the changes in cell wall biogenesis caused by ECB, transcript levels of selected cell wall biogenesis genes, and alterations in the composition of cell wall and in the specific β-1,3-glucan synthase activities were examined. Because Tóth et al. (2011) demonstrated that A. nidulans var. roseus ATCC 58397 does not belong to the A. nidulans species gene (mRNA)-specific sequences amplified in rRT-PCR assays were also sequenced after PCR amplification and cloning. As shown in Supplementary Table 1, homology search via NCBI BLAST (nblast) indicated high, 91-100 % identities with no gaps between the homologous A. nidulans var. roseus ATCC 58397 and A. nidulans FGSC A4 DNA sequences and, Relative expressions of a set of genes involved or likely involved in cell wall biogenesis were compared in cultures of A. nidulans var. roseus grown at 24°C (ECB producing condition), at 37°C (ECB non-producing condition) or at 37°C in the presence of ECB (Table 3) . Several chitin synthesis genes including ANID_07032 chitin synthase (chsA), ANID_02523 chitin synthase (chsB), and ANID_08710 chitin synthesis regulator were induced when the strain was cultured at 24°C or when ECB was added to cultures growing at 37°C. Meanwhile, ANID_06317 chitin synthase (csmB) was induced only at 24°C and the expressions of ANID_06318 chitin synthase (csmA), ANID_04367 chitin synthase, and ANID_01069 chitin synthesis regulator did not change significantly. Neither the cultivation temperature nor the ECB treatment affected the relative expression of ANID_03729 β-1,3-glucan synthase catalytic subunit (fksA) ( Table 3) ; however, the specific β-1,3-glucan synthase activities increased in 24°C cultures (Table 2) . ECB treatments at 37°C did not cause any significant increases in the specific β-1,3-glucan synthase activities (data not shown). In the case of A. nidulans FGSC A4, the cultivation temperature had no significant effect on either fksA gene expression or specific β-1,3-glucan Fig. 1 Effect of ECB on the growth of A. nidulans var. roseus ATCC 58397 (a) and A. nidulans FGSC A4 (b and c). Strains were cultured on minimal nitrate agar media at 37°C. ECB (5 mg quantities dissolved in methanol; wells at the right side of the plates) and methanol (wells at the left side) were added to the cultures on the third day of cultivation. Arrows indicate the radius of the colonies on day 4. In (c), the agar plate was also supplemented with 25 μg ml −1 ECB before inoculation by conidia (Tables 2 and 4 ). The cell wall composition of A. nidulans var. roseus but not that of A. nidulans FGSC A4 was highly dependent on the cultivation temperature (Table 5 ). In A. nidulans var. roseus, the cell wall contained significantly less β-1,3-glucan and higher quantities of chitin when grown at 24°C than at 37°C. Importantly, the cell wall composition of A. nidulans was not responsive to alterations in the incubation temperature (Table 5 ).
Adaptation to ECB did not alter the ECB sensitivity of β-1,3-glucan synthase Single colonies of A. nidulans var. roseus were selected from minimal nitrate agar cultures maintained at either 24°C (ECB producing conditions) or 37°C (ECB non-producing conditions). After culturing these cell lines on nutrient agar plates, specific β-1,3-glucan synthase activities and IC 50,ECB values were determined after submerged cultivations performed concomitantly at 24 and 37°C. While no significant differences in the IC 50,ECB and MEC values were recorded in the cell lines, the specific β-1,3-glucan synthase activities as well as the chitin contents of the cell wall were always higher in 24°C cultures than at 37°C independently of the maintenance temperature of the cell lines (24 and 37°C; Table 6 ).
Adaptation to ECB production may decrease the fitness of A. nidulans var. roseus In order to understand why A. nidulans var. roseus had no innate resistance against ECB we measured interactions between ECB and SDS (another cell wall stress generating agent). ECB treatment at 37°C either increased or decreased the SDS tolerance of A. nidulans var. roseus in a dosedependent manner, while the same concentration ranges cause only moderate changes in the case of A. nidulans (Table 7) .
Discussion
As an ECB producer species, A. nidulans var. roseus ATCC 58397 has a great industrial importance and, depending on the culturing conditions, it produces ECB even at as high as 500 mg l −1 concentration at 24°C; however, at 37°C no ECB production has been observed (Boeck and Kastner 1981; Tóth et al. 2011) . Considering its ECB production potential, it is reasonable to assume that A. nidulans var. roseus evolved a sophisticated and highly efficient tolerance against this type of antimycotics but, quite surprisingly, A. nidulans var. roseus has no inherent echinocandin resistance. Even, at least under nonproducing conditions, A. nidulans var. roseus ATCC 58397 was more sensitive to both ECB and caspofungin than A. nidulans FGSC A4, which does not produce any ECB (Table 2 , Fig. 1 ). The higher ECB sensitivity of A. nidulans var. roseus was explained, at least partially, by its inherently lower specific β-1,3-glucan synthase activity as shown in Table 2 . Several observations suggested that the β-1,3-glucan synthase complex of A. nidulans var. roseus was sensitive to ECB; the IC 50,ECB values of the β-1,3-glucan synthase complexes of A. nidulans var. roseus and A. nidulans were essentially the same (Table 2) , and the β-glucan content of the cell wall decreased significantly at 24°C, clearly indicating the (Table 5 ). These data are in sharp contrast with the resistance mechanisms recorded for Candida spp. (Walker et al. 2010) but are in good accordance with previous observations with A. fumigatus, where acquired resistance was developed independently of fks1, encoding the β-1,3-glucan synthase catalytic subunit (Gardiner et al. 2005; Arendrup et al. 2009 ).
It is important to note that ECB tolerance may also arise under antimycotic producing conditions via the selection of ECB-tolerant mutants. As shown in Table 6 , all A. nidulans var. roseus cell lines previously maintained either at 24°C or at 37°C showed nearly identical specific β-1,3-glucan synthase activities and IC 50,ECB values at a defined incubation temperature (24 or 37°C) in submerged cultures (i.e., in either the presence or the absence of antimycotic production), which makes any selection of mutants instead of adaptation rather unlikely.
The induction of chitin biosynthesis genes in A. nidulans var. roseus under ECB producing conditions (Table 3) as well as the consequent increases in the chitin content of the cell wall (Tables 5 and 6 ) convincingly demonstrated that compensatory chitin synthesis was an important part of the induced echinocandin resistance of this strain. Importantly, chitin biosynthesis was equally stimulated at 24°C when the strain produces ECB and in cultures kept at 37°C (ECB nonproducing condition) but supplemented with endogenous ECB (Table 3) . Besides the compensatory chitin synthesis, a A. nidulans var. roseus was maintained at either 24°C (ECB producing condition) or 37°C (ECB non-producing condition). After four subsequent passages at the maintenance temperatures on minimal nitrate agar, 5-5 separate colonies were selected, and the cell lines were cultured further on agar plates and were sporulated. Freshly grown conidia were used to inoculate submerged cultures for specific β-1,3-glucan synthase activity and IC 50,ECB determinations. Incubation temperatures of the submerged cultures are indicated in columns 5 and 6 under headings "Specific β-1,3-glucan synthase activity" and "Chitin content" b Because MEC and IC 50,ECB values did not depend on the cultivation temperature, only data gained at 37°C are presented here for clarity c Both specific β-1,3-glucan synthase activities and chitin contents of the cell wall were significantly higher in 24°C cultures than at 37°C (n05; p<5 %, calculated by the Student's t test) the increased specific β-1,3-glucan synthase activity (Tables 2  and 6 ) was also important to avoid a fatal decrease in the β-1,3-glucan content of the cell wall. Furthermore, it is worth mentioning that the growth rate of A. nidulans var. roseus was low at 24°C when it was compared to those measured with A. nidulans var. roseus at 37°C or even to those measured with A. nidulans FGSC A4 at 24°C (Tóth et al. 2011) . To sum it up, the acquired ECB tolerance was explained by several factors in A. nidulans var. roseus including (1) elevated chitin production, (2) increased β-1,3-glucan synthase activity, and (3) reduced growth rates with decreased requirements for de novo cell wall synthesis. On the other hand, further studies are needed to explain how the specific β-1,3-glucan synthase activity was increased under ECB production (Tables 2 and 6 ) because the expression of fkaA (coding for the β-1,3-glucan synthase catalytic subunit in A. nidulans) was insensitive to temperature shifts and the addition of exogenous ECB at 37°C in either A. nidulans var. roseus or A. nidulans FGSC A4 cultures (Tables 3 and 4) . A. nidulans var. roseus ATCC 58397 showed clear paradoxical growth at high concentrations of ECB as visualized in agar diffusion assays (Fig. 1) . Paradoxical growth can be observed when the MEC (or MIC) value of an antimicrobial compound is lower than the concentrations eliciting adaptation/tolerance in sensitive microorganisms. A. nidulans FGSC A4 possessed higher tolerance to echinocandins than A. nidulans var. roseus and, not surprisingly, no paradoxical growth was observed with this strain in the tested ECB concentration range (Fig. 1b) . Moreover, ECB exposures caused only minor changes in the expression levels of the selected cell wall biogenesis genes in A. nidulans FGSC A4 (Table 4) . Paradoxical growth has also been reported in Candida spp. and in A. fumigatus and, in both cases, compensatory chitin biosynthesis was also observed after echinocandin treatment (Perlin 2007; Lewis et al. 2008; Walker et al. 2010 ). Furthermore, echinocandin-resistant Candida strains or species were less capable to show paradoxical growth effects than the sensitive ones (Walker et al. 2010) .
The paradoxical growth observed with A. nidulans var. roseus suggests that the increased tolerance towards high concentrations of ECB might arise from cellular, e.g., cell wall, damages caused by lower ECB concentrations. In good accordance with this hypothesis, A. nidulans FGSC A4 colonies pre-grown on agar plates supplemented with 25 μg ml −1 ECB also showed paradoxical growth when exposed to high concentration of ECB (Fig. 1c) . These findings let us suggest that the echinocandin sensitivity of A. nidulans var. roseus should help the fungus to sense and respond/adapt to low concentrations of ECB in time, which makes it ready to tolerate later high-concentration production of ECB in the fermentation broths. It is remarkable that the ECB producer A. nidulans var. roseus itself has no innate resistance against echinocandins (Table 6) ; however, the adaptation to ECB is of paramount importance for the producer fungus as well. One may speculate that genetically "imprinted" changes in the cell wall composition and structure may be beneficial to resist a few given types of stress but may be disadvantageous in combating others. This is exemplified well by the interactions between SDS and ECB treatment where even synergistic effect was observed at certain The nature of the ECB-SDS interactions was characterized by the IR interaction ratio. For definition of IR, see "Materials and methods" section. IR >1.5, 1.5≥IR≥0.5, and IR <0.5 are indicative of synergistic, additive, and antagonistic interactions, respectively (Moreno et al. 2003) ECB and SDS concentrations (Table 7) . Moreover, A. nidulans var. roseus grows significantly slower at 24°C when it produces ECB than at 37°C when no ECB production is observed (Boeck and Kastner 1981; Tóth et al. 2011) . This means that although ECB-tolerant mutants can be easily formed in sensitive fungi, they may face severe physiological drawbacks, which are likely to prevent their widespread propagation. Similar "adaptation is preferred vs. mutations" tendencies have also been reported for the opportunistic human pathogenic yeast C. albicans. For example, oxidative stressresistant C. albicans mutants developed easily in tert-butylhydroperoxide-exposed cultures as demonstrated by Fekete et al. (2007) , but their over-efficient antioxidative defense set back their virulence (Fekete et al. 2008 ) and, not surprisingly, naturally occurring oxidative stress-tolerant C. albicans mutants could not be detected thus far (Fekete et al. 2008) . Over-expression of the key antioxidative enzymes Sod1 superoxide dismutase and Ctt1 catalase also caused an adaptive growth disadvantage in aging Saccharomyces cerevisiae cultures (Fabrizio et al. 2004) .
All these observations led us to the conclusion that microscopic fungi tend to maintain the versatility and flexibility of their genomic programs as far as possible, which provide them with the ability to adapt to rapidly changing environments like soil (A. nidulans var. roseus) or the human body (C. albicans).
